In the present study, chitin isolated from locally available shrimp shells was pulverized to obtain three different particle sizes and then deacetylated to obtain various deacetylation degrees and molecular weights of chitosan. In the batch mode experiment, the removal efficiency of heavy metals [Zn(II), Cd(II), Pb(II), and Cu(II)] from synthetic wastewater solutions with different concentrations ranging from 10-30 mg/l using three molecular weights chitosan was evaluated. Cadmium was the best metal chelated by all three types of chitosan and the extent of adsorption was considerably higher in the type 1 of chitosan sample of small particle size with lower of molecular weight and higher of degree of deacetylation compared with types 2 and 3 chitosans. In addition, the maximum percent removal of heavy metal ions was at concentration 10 and 20 mg/l in order of Cd (II > Pb (II) > Cu (II) )> Zn (II), while at concentration 30 mg/l the removal efficiency of chitosan was in order of Cd (II) > Cu (II) > Pb (II) > Zn (II). The influence of pH is presented and the maximum uptake of metal ions was obtained at pH 4.0 at room temperature.
INTRODUCTION
Natural biopolymers are industrially attractive because of their capability of lowering transition metal-ion concentration to parts per billion concentrations. Natural materials that are available in large quantities or certain waste from agricultural operations may have potential to be used as environmentally friendly as well as low cost adsorbent materials (Muzzarelli, 1977) .
Chitin (poly[β -2-acetoamido-2-deoxy-D-glucopyranose]) is the most abundant natural amino polysaccharide polymer, especially in the exoskeletons of invertebrates (Lerivrey et al., 1986) . After its deacetylation, it produces chitosan (poly [β-(1-4)-2amino-2-deoxy-D-glucopyranose]) that recognized as an excellent metal chelating agent, forming stable complexes with different metal ions (Kurita et al., 1979; Brine and Austin, 1981; Knorr, 1984; Jha et al., 1988; Khan et al., 2002) , especially with transition metals. Reactive amino groups in chitosan are the responsible groups for complex formation between metal ions and the polymer chain. Chitosan is a heteropolymer consist of D-glucosamine and a small fraction of N-acetyl-Dglucosamine residues (Li et al., 1997) .
Chitin and its deacetylated derivative, chitosan, have a wide range of uses, not only in the food industry but also in the pharmaceutical, textile, cosmetic industries, and in agriculture (Muzzarelli, 1973; Micera et al., 1986) .
The major free source of the chitin in the market and local seafood processing industries are fishery wastes such as shrimp, lobster, and crab shells, which considered as one of the promising options to produce chitosan in the laboratory.
Environmental pollutants especially heavy metals is a great environmental problem and had been increased during the last years Said et al. 2006; Younis & Nafea 2012; El Zokm et al., 2015; Soliman et al., 2018; Younis, 2018; Amin et al., 2018; Soliman et al., 2019; El-Naggar et al., 2019) . Chitosan has received considerable interest for heavy metals removal due to its excellent metal-binding capacities and low cost.
Metal oxides can quantitatively adsorb heavy metals from their aqueous solutions and are thus employed in metal pre-concentration (Carbonell et al., 1992; Pannain and Santelli, 1995; Marqués et al., 2001) and metal removal (Cooper et al., 2002) .
The removal efficiency of toxic metals from contaminated water is an important target of many researchers worldwide and being studied by many of them using different methodologies and techniques over the years (El-Kassas et al., 2016; Hwang and Jho, 2018; Meepho et al., 2018; Kiran et al., 2018; Saleh et al.,2019) . One of the most promising methodologies in this process is the biosorption since using of bioadsorbent material considered as a good alternative to traditional adsorbent materials.
Previous studies have demonstrated the ability of chitosan to uptake metal ions from aqueous solutions (Schmuhl et al., 2001) . Therefore, the aim of this study is to carry out the production of different molecular weight of chitosan biopolymer from natural resources as well as studying the influence of chitosan molecular weight and initial concentration of metals on the removal efficiencies of some metal ions [Zn(II), Cd (II), Pb (II), and Cu (II)] from contaminated water.
MATERIALS AND METHODS
The shrimp shells that used for chitosan production was collected from local seafood markets. Shells were collected, and then washed under running warm water to remove soluble organics, adherent proteins and other impurities.
The raw samples of crab shell were pulverized using Macinagosatore SM 90-95 and sieved into three sized 0.5, 1.5, 2.5 mm after dried. The samples were soaked in 4 % HCl at room temperature in the ratio of 1:14 (w/v) for 36 h to demineralization of shells. After that, they were washed with tap water to remove acid and then filtered under vacuum. The demineralized shells were washed for 30 min with double distilled water and then oven-dried.
After that, the demineralized shells were subjected to deproteinization process. In this process, demineralized shells were added to 3% NaOH solution with a ratio 1:10 (w/v). the mixture was stirred with constant stirring rate for 1 hr at 60°C (No et al., 1989) . The boiled sample was removed and allowed to cool at room temperature for 30 minutes, filtered under vacuum, and then washed with double distilled water for 30 minutes and oven-dried.
Pigments can be removed using acetone for 10 min and dried for 2 hr at ambient temperature, followed by bleaching with 0.315 % sodium hypochloride (NaOCl) solution with a solid to solvent ratio of 1:10 (w/v) for 5 minutes at ambient temperature (No et al., 1989) . The final product obtained after this step was Chitin.
Chitosan was prepared from the previous isolated chitin by its treatment with 50% sodium hydroxide for 90 minute. The ratio of solid to alkaline solution was 1:10 (w/v). The purified samples were thoroughly washed with double distilled water until neutral pH. Later the samples were dried at room temperature. Acidic reagents without hydrolysis of the polysaccharide cannot remove the N-acetyl groups, thus, alkaline methods must be employed for N-deacetylation (Muzzarelli, 1977) .
Moisture content (%) was determined gravimetrically according to the following equation that described by Black (1965):
(1) Solubility was determined according to method described by Nessa et al. (2010) . Ash content of chitin and chitosan were determined according to standard method described by (AOAC, 1990) . Nitrogen content (The total nitrogen was determined using Kjeldahl procedure (Bremner, 1960) . For the determination of viscosity-average molecular weight (Dalton), the chitosan was dissolved in a mixture of 0.1 M acetic acid with 0.2 M NaCl, then the automated solution viscometer was used to was calculated using the equation
(2) Batch adsorption experiments
To study the effect of molecular weight of chitosans on metal ions sorption, 25mg of different molecular weight of chitosan (68, 112, 172 KDa) were added to 25 mL solutions containing 10, 20 and 30 mg/L of each [Cu(II), Cd(II), Pb(II), and Zn(II)] for estimate the sorption capacity and the mixtures were shaken for 3 h at 20±1°C. After equilibrium was reached, the final concentrations (mg/L) of metal ions in the filtered samples were measured by atomic absorption spectrometer (Model: AA-6800 Shimadzu). The results are based on three replicate experiments.
The removal efficiency (R, %) as well as sorption capacity (q, mg/g) were calculated according to the following equations:
(3) (4) where C 0 and C f are the initial and final metal concentrations (mg/L) in the aqueous solution, respectively, V is the volume of metal ion solution (L), and m is the weight of sorbent material (g).
RESULTS AND DISCUSSION
According to particle size, three types of chitosan were obtained (types 1-3). Fig. 1 and Table 1 showed that, the moisture content of chitin sample was (5.22 %) and for chitosans were 5.4 %, 5.8% and 5.8% for type 1, 2 and 3 respectively. Due to the hygroscopic nature of Chitosan (Khan et al., 2002) , it had relatively higher moisture content than chitin during storage (Nessa et al., 2010) . According to Li et al. (1992) , commercial chitosan products contain less than 10% moisture content. Chitin ash content was (0.2 %), while chitosan ash content varied from 0.22% to 0.27%. Ash content is considered as an indicator for the effectiveness of demineralization process (DM). The solubility of chitosan is highly affected by residual ash content, which in turn contributing to lowering its viscosity .According to No and Lee (1995) , a high quality grad of chitosan should have less than 1% of ash content. The degree of deacetylation (DD) of chitosan samples in the present study ranged from 77% to 82%. Our result was agreed with that obtained by No et al., (2003) , who found that DD of chitosan ranges from 56% to 99%. As can be observed in Table 1 , type 1 of chitosan which had lower of particle size (0.5 mm) was the largest degree of deacetylation (DD), while type 3 which had higher of particle size (2.5 mm) was the lowest degree of deacetylation.
The high density of positive charge is highly coincided with the highest degree of deacetylation (77-82%) and this makes crab chitosans unique for industrial applications. The degree of deacetylation and the molecular weight of chitosan were found to be key factors that affect the properties of produced chitosan (Aranaz et al., 2009 ).
The chitosan with various deacetylation degrees exhibit different removal efficiencies of the four studied heavy metal ions. The percent removal of Zn(II), Cd (II), Pb (II) and Cu (II) positively increased with the degree of chitosan deacetylation (Fig. 2) . These can be attributed to the increasing of active sites such as amino and hydroxyl groups, which has a great potential as an adsorbent for removal of heavy metal ions. It has been reported that chitosan with the highest degree of deacetylation showed the highest removal efficiency (Saha et al., 2005) and this may be due to a growing number of amino and hydroxyl groups (Wu et al., 2001) .
Molecular weight and viscosity of chitosan were (68, 112, 172 KDa) and (1.7, 2.8 and 3.9 mm 2 /s) for the chitosan types 1, 2 and 3, respectively. When molecular weight is lower, viscosity of chitosan also tends to decrease (No and Meyers, 1995) and consequence decreasing its ability to chelate metal ions. According to Tariq et al., (2014) , the chelation ability increases as the degree of acetylation increases.
Viscosity of chitosan is controlled by some factors such as degree of deacetylation, molecular weight, concentration, pH and temperature, etc. Solubility of chitosan samples ranged from 91.8 to 94.5. Brine and Austin (1981) noted that, incomplete removal of protein may be the key factor that lowers solubility values. Micera et al. (1986) reported that, the density of chitosan from craw fish shell dependents on the particle size and porosity of the material.
The relationship between molecular weight of chitosan and heavy metal content at different concentrations were shown in (Figures 2, 3 and 4) . It was obvious that the removal efficiency of Zn (II), Cd (II), Pb (II) and Cu (II) increased with the decreased molecular weight of chitosan. One exception was Cd (II), which showed no difference in the removal efficiency at concentration of 10 and 20 mg/l.
The percent removal of Cd (II) was the largest while that of Zn (II) was the lowest and the maximum percent removal of heavy metal ions followed Cd (II) > Pb (II) > Cu (II) > Zn (II) for metals concentration 10 and 20 mg/l, whereas percent removal of heavy metal ions followed Cd (II)> Cu (II) > Zn (II) > Pb (II) for metals concentration 30 mg/l.
Chitosan with lower molecular weight (68 KDa) exhibits the highest affinity for metal ions studied, despite having almost the same surface charge as chitosan with medium molecular weight (112 KDa) and chitosan with higher molecular weight (172 KDa) . The affinity of metal ions towards different molecular weight of chitosan was: 68 KDa > 112 KDa> 172 KDa. This due to the higher distribution of amino groups at the surface of chitosan with lower molecular weight, the consequent increase an electrostatic attraction between the sorbent and metal ions. A comprehensive knowledge of the Mw and DDA of chitosan is essential for its applications (Yaghobi, 2012) . The sorption capacity The adsorption capacity of metal removal by chitosan is the amount of adsorbate that can be taken up from the solution by adsorbent per unit mass of the adsorbent. Table 2 shows the sorption capacity of metals onto chitosan at pH 4. The equilibrium sorption uptake were obtained at an initial metal concentration range of 10-30 mg/L. Cadmium ions are more favorably retained onto lower molecular weight of chitosan and its sorption capacity was 29.37 mg/g at an initial concentration of 30 mg/L, while lead has low affinity towards the higher molecular weight of chitosan at the same initial concentration (30 mg/l); the sorption capacity was 24 mg/g. In general, the adsorption capacities are in the order Cd 2+ >Pb 2+ > Cu 2+ > Zn 2+ . This can be explained by the fact that, nature of the cation is very important in the mechanism of interaction (Rhazi et al. 2002) . For the set of metallic ions, El-Gendy et al. (2013) stated that charge, ionic size, softness and hardness of each ion are the key factors that control the selectivity of metal ions by a biosorbent.
From the results of the present study we concluded that, type 1 of chitosan exhibits the highest removal efficiency and forming stable complexes with investigated metal ions compared with types 2 and 3. Sorption capacity of chitosan increases with the decreasing of particle size. The sample of the particle size 0.5 mm 75 exhibits maximum adsorption capacities and this may be due to the larger surface area of the adsorbent material. The extent of adsorption is considerably higher in the case of chitosan sample of small particle size with lower of molecular weight and higher of DD because chitosan with the highest DD containing the biggest amount of free -NH 2 groups. The metal ion sorption capacity by different molecular weight of chitosan is directly related to their specific surface area and the functional groups which induce negative charge on the chitosan surface (Eric Guibal et al. 2014) .
In general, chitosan is known to be an excellent metals ligand, forming stable complexes with many metal ions by coordination (No et al., 1989; Muzzarelli and Tanfani, 1982) , this because of the regular distribution of amino groups which has pKa 6.3 (Udaybhaskar et al., 1990) in the polymer chain (No et al., 1989) , which are considered the major effective binding sites for metal ions. The nitrogen electrons present in the amino groups can establish dative bonds with transition metal ions and some hydroxyl groups in these biopolymers may function as second donors; hence deprotonated hydroxyl group can be involved in the coordination in the metal ions (No and Lee, 1995, Younis et al., 2014) .
